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Report of Drs. Cole and Avery (assisted by Drs. Dubos, Goebel, Goodner, 
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iIorsfaLL, Hotcnkiss. XacLeod and Stillman) 

The chemical and sscific properties of meumococcus anti- 

bodies, 

Anti$neunococcus rabbit serum as a tnerqkutic agent in lob&r 

Qneumonia. 

Tne autolytic system of pneulnococci and its reaction to the 

antigenicity of tne ceils. 

The action of tissue enzymes upon bacteria. 

The production of specific enzyInes by bacteria as a tool in 

biochemical analysis. 

The transformation of specific types of ,xwumococcus. 

The antigenic mosaic of pneumococcus - the so-called Z sub- 

stance. 

Comparative virulence of pneumococcus implanted on the mucous 

membranes of mice by the inhalation method. 

Conjugated carbohydrate-protein antigens containing glucuronic 

and galacturonic acids. 

Tne chemical and stiecific sroserties of antibodies and of tne fat- 

tors wnicn condition Weir benaviour. (Goociner anti iiorsfdl) & The ,.wo-. 

tective action of antibodies. Tile work on this subject Alas been greatly 

stilatiated by tne recognition that immune sera from anLna1.s of different 

sflcies, although produced witn the S&IIM antigen and reacting s$ecificaqy 

with tnis antigen, may differ greatly in heir iminunologic~l Groperties. 

For instance, the antibodies present in hnti$neumococcus norse serum differ 

in size, solubility, and degree of specificity from those in anti-seumococc- 

us rabbit serum. The optimum physical conditions for the interaction be- 
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tween antigen and antibody differ for the two kinds of sera and tne immune 

precipitates formed witn the s&cific polasaccffirides are distinctive in 

appearance, Evidence has been presented wllicn suggests that the antibody 

in norse serum is a lecithoprotein, anile tnat in imnune rabbit serum is 

possibly a ctiphaloprotein. Indeed, it has been shown that tnese antiscrn 

differ in at least thirty respects. 

An intensive study has been carried out as to the uloUSe protective 

value of nine antipneumococcus sera with reference to their apparent anti- 

body content as determined by in vitro methods. The amounts of l'antibody -- 

nitrogen" were determined by tne method of Heidelberger rind Kendall. The 

mouse protective values were obtained with the method of Kirkbride and 

Hendry, the results being unalysed tccording to the Meunch 50 ger cent end- 

point system. From the datr, summarized in Table I it will be noted that 

the results lend themselves to an csrangement by groups. 

Table I 

The r%otective Values of Antidnsumococcus Sertc with Reference to Antibody 

Content 

Group ierum Nature of Serum 

II 

III L 

Horse - ran 440 
11 II 555 
II 11 760 
II come&u ted 3245 
I1 raw 1000 
11 concentrated 6100 

Rabbit - raw 1070 
II II 1830 
II fl 191u 

j%otective 
ianits ger 
cc. of 
0erunl 

Qecificaliy 9rotective 
,xeci&table uiitg per mg. 
nitrogen 
s/cc 

SecQitabhe 
nitrogen. #.j ., 

0,894 550 
1.02 550 
1.50 510 
5.75 550 

1.167 860 
7.125 a55 

0.938 1140 
1.40 1'300 
1.5i 1265 
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In each of these groups are included sera wnich have simiiar gro- 

tective $ro$erties with reference to the amount of mtibody nitrogen, Tnus 

Group I cosprises those horse sera whicn snow hp$roxi,nately 55u 2rotective 

units per mg. of s+zificaAly preciditible nitrogen. In our experience tne 

m&jOriQ of horse se%, botll r&vi ano concentrated, <FLU tilt0 tllis groud. 

The two horse sera of the second group 8110~ h relttively ni& Grotective 

index and are to be regarded ac exce&ional and au2ichl. Tne iiulllune rabbit 

sera form a grout unto theaselves and tre charscterized by Qh protective 

index. 

It seems therefore, that the amount of protein grecisitated by 

means of the st>ecific polysaccharide is not an crccurate index of the amount 

of specific antibody. The amount of protein pecipit-ated is dependent to 

some extent on &fsical conditions such as time, temperature, diiution, etc. 

Fkhermore, just as it has been shown that Aigids are readily adsorbed by 

these immune precipitates, so too is it &ssible that various Groteins, oth- 

er than the secific antibody, may also be adsorbed. It has been shown thtt 

precipitates frequent* contain not only the sscific cintibody but &so 

otner antibodies wnich hapden to occur in tne sey~. 

"The higner protective ratios in the case of rclbbit ser& Ire +r- 

tiauy ex+icLble on tne basis that the ant/bodies in Larnune norse seru 

are several times krsger than tnose in immune rabbit sorti tnd cnns~ciuently 

the progortion of surface to LESS is lnuch sn&tier. _: 

The immune tiera may contiin titures of antibodies of vr;rlous cn+ 

abilities. This pssibiliv is supported by t& foiicwing points: 

a. From antipneumococcus horse serum there 11~s been isolated in 

a sttlte of immunological +rity, i.e., complete preci3itability upon the 

addition of the capsular polysaccharide, L substance of the nrture of tr 

lipo-protein which gives a protective vr+lue of 1550 units ger mg. of 



specifically precipitrcble nitrogen. Tnis &teritA contr*ins 4.13 per cent 

lipid, has the properties of c.n euglobuLin ;nd reticts rL.&Ly witn the goly- 

sac&&de in the formation of immune precipitates. It will be noted tnr;t 

this protective value is about twice that of the i;ntibody of the best un- 

poified horse serum and tnree times thtit of tne USUEIA. iznune horse serum. 

b. In addition, a second form of antibody ht;s been obtained. 

Its precise nature is as yet uncertiin because in the form now at hand It 

is only 92 per cent precipitablc. However, the pror>erties of this Inaterial 

are very different from those of the first isoktcd antibody. Tnis second 

substance is water soluble (except ct its isoelectric Goint), beilcves as a 

Gseudo-globulin toward alnmonium su@&te, rbc.cts sAowsy with tno goiysr,c- 

chwide, in contrast to tne first described antibody, rnci IU;S C& &id con- 

tent of cl~~roxL=tely 3 ger cent. rdoreover its drotcctive qukities arc 

AOW, about 30~) &its ger l~g. Of &X!ci~it&b~c nitrcjgen. 

B. Antipneumococcus.rcLbbit serum L+S LL thera#utic &Eent in Aobm 

yneilmonia. (HorsfcA &nd Goodner) Yiith increased knonleage of the con- 

trasting properties of antigneumococcus horse und rtibbit sera, it bec&me 

agQarent that the latter might grove the more usefui therc!peutic ugent in 

human lobar &eumonia. The indications for its use were as follows: 

1. The spcific antibodies in anti@neu;?ocoocus rabbit serum are 

much smaller than those in antipneumococcus horse serum as judged both b 

ultr&filtration and by ultracentrifugution. Since the infective flocesses 

of lobar pneumonia and HEW of its complications L;re ckztcteristicclly of 

~3). extra-vascular order, it is necessary thet the antibodies pass through 

the vascular membranes. Other fLLctors consttnt, the slwAler the antibody 

tne aore effective should be its Genetrstion into the tissues. 

2. Under certain circulllstznces anti+euWcoccus krse s6ru;n ccn- 

fers no Grotection L mice. Tnus kith ,lu.ssivt; infectiuns, if &idcunts of 
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serum in ejccess of a definite optimum are used, the antibodies are in- 

effective. In proportion to body weight these amounts of serum are not 

greater than have occasionally been administered to +tients. This Grozone 

effect is not obtained with antidneumococcus rabbit serum. Secondiy, the 

protective action of iiainune norse SerU is co,n+eteAy tlbolished by the hci- 

dition of SUlQiA amGLints of eitner crlolesterol or ce$UaAin. Tnese At)ids do 

not effect the grotective action of tuc rabbit antibouy. It seened possible 

that this situation sight be okrative in the specific theraa of lobar 

pnemonia in certain ty+s of *tiants. 
I- 3. Lnmune rabbit sera are much more easiq produced. For any 

given type of ~neumococcus an effective serum ~ntiy be produced in rabbits in 

as short a +riod as four weeks wnereas many months are required with the 

horse. Furthermore, the cost of ,zoducing rabbit serum is much less, (about 

one-fifth) than that of producing concentrated horse serum. Because raw 

immune rabbit sera possess high protective potencies, concentration is not 

so important as in the case of horse SWUU. Practically all rabbits will 

produce serum of high potency wnile many horses will not produce effective 

SCI-UIU. 

Since there seemed to be no obvious contraindication to the use 

oe type-specific sntifleumococcus rabbit serum in numan lobar 2neurilonit, 

this tnerqeutic agent was first used in those ty&s nitn which a cnnsid- 

erable exerience had been obtained with the corraspanding horse Lnmune 

serum. Twenty-two stients with lobar seumonia have nova been treatea. by 

types these are divi&d LLS follows: Ty$ I, 10 +tients; T$$e II, 4 pa- 

tients; Type VII, 3 patients; and Ty,+ VIII, 5 stients. In twelve of 

the 22 patients, P;;uitive blood cultures were Lbtained before serum was 

administered, in seven there was consoiidation of two or more lobes, and 

‘, 
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in three, pleural exudates containing large nunbers of pneumococci were pre- 

sent. 

Of these twenty-two patients, twenty-one recovered. In the fatal 

case, death occurred follovSng rupture of the aorta five weeks after the onset 

of the disease. Crisis occurred on an average 26 hours after the institution 

of serum theram. With improvements in the technique of serum adninistration 

this time interval has become much snorter, the average for the Last five 

cases being d hours. 

The average total amount of immune rabbit ser.um addnistered,ir- 

respective of the tyge, was i.5'3 cc. per case. It is of interest that the 

average dosage in tne ten Type I +tiunts was A4 cc. wnerzas in the Last 

437 patients treated with unconcentrated Type I horse serum, the average dos- 

age was 440 cc. 

In the first cases treated, chill reaction not infrequc;ntly followed 

the administration of rabbit serum. It was found, nowcver, that the frequen- 

cy and severity of these reactions v;ere much less if the serum employed h..d 

been heated to 56O and adsorbed with sterile kaolin. Finally it has been 

found that the chills may be entirely prevented if acetylsalicylic acid be 

administered simultaneously with the first injection of this heated and ad- 

sorbed 

chills 

serum. On the other hand acetylsalicylic acid is not able to prevent 

following ihe u&'of untreated serum. In no cases have a&phyl&tbid 

reactions &x&red. 

% combination of the procedures mentioned, it h&s been pssible to 

entirely eliminate any untoward symptoms in the recent cmes. 

Recovery witnout 

infected pieural exudates, 

from these cases contained 

ot>eration occurred in tro patients with grossly 

and it w&s Qossible to demonstrate that the fluid 

type specific antibody of .abbit origin. In one 



137 ml 
patient, antibody was not demonstrable in the pleural fiuid, and emnwema sub- 

sequently developed. 

This brief summary of the results obtcLined in a Short series of 

severe cases does not adequately convey the favorslbie clinical impression 

which the use of mti,meumococcus rabbit serum nas created. It is notied tnct 

s;ddition&l experience wiil confirm tne impression now htild that the eqioJuent, 

of rabbit 

treatiticnt 

serum marks L; distinct cldvLnce over t,lle USE of horse serum in tne 

of lobar Feumonia. 

The autolytic system of pneumococci. (Dubos) (c) Reiation to the 

tntigenicity of the ceils. Under cp$ro$riste conditions, the immunization of 

rabbits with suspensions of virulent, encupsuLc ted pneumococci brings about 

the production of type specific antibodies directea cgainst the c&+mLar poly- 

saccharides of the organisms used as antigens. However, it is known that when 

pneumococci are disintegrated by autolysis, by treatment with bile salts, or 

by freezing and thawing, they fail to incite rabbits to produce these prtic- 

ular antibodies. It has been found that, to be soluble in bile, or to be 

liable to disintegration by repeated freezing and thawing, pneumococci, living 

or dead, must still possess in an active form some, at Least, of their auto- 

lytic enzymes; furthermore, the disintegration can take place only when con- 

ditions are favorable for enzymatic action. It trgpars tnerefore thatt ail 

methods comieoaly used to achieve a diasoLution of paaococci lnvoive as ti 

necessaq step the action of at ieast one or LL few of tne enzynes wnicn con- 

stitute the autolytic system of the cells. 

A SW has been made of th6 action of &rifiod &?e&rations of the 

autolytic enzymes upnn ,meulaococci End other subsikmtos. It hm been found 

in particulm that these enzyme prepamtions are cqr;ble of inactivating the 

capsular polysacchuride antigens of virulent prmuococci. To achieve this 

inactivation, it is not necessary to bring tbout ti com&ete dissolution of 

, 
: 
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tne bacterial ceils; it is mereq sufficient to c&use a Anited aitertrtion 

of tne cellular structure sucn tnat tne Atitter nas ,ost its ability to re- 

tain the Gram strain, but stiii ret&ins its essential morprloio&cal char- 

acteristics. The structure wnich carries tile cigsultrr 

den wnich deterdines the Gram ,Jositive reaction 01' We 

poqsaccntiricie anti- 

ceAr has been found 

to be destroyed b tne bacteriolytic enqlne but to be resistant to co:llilon 

poteoljrtic and ligolytic enzymes. It nas a LOW nitrogen content (about 8%) 

and accounts for less thtn ~5 ,xx cent of tne original weignt of the cell. 

The bacteriolytic enzpe also possesses tne property of releasing 

reducing sugars from acctyl anino glucose giucuronides of animal and btc- 

terial origin which are otherwise very resistunt to enzymatic action. 

It is hoped that a continued study of the mech&niss of action of 

bhe bacteriolytic enzyme may reveal information re&ted to tne antigenic 

structure of $neumococci. But in any case, tne fact tnat tnis enzy.ne is 

capble of destroying the ty2e specific antigenicity of tnis group of micro- 

organisms does empnasize tne iqortcnce of minimizing tne cnances of kLter- 

ations duu to enzymatic action in tne course of pe+rcstion of bacterial 

antigens. 

(b) Tne action of tissue enzymes upon bacteri@ (Dubos) The 

immunization of rabbits with neat kirled ~eumococci by tne intradermar 

route fails to incite the poduction of tne ty+ specific carbohydrate 

antibodies which would follow immunization by tne intravenous route. Tnis 

lack of antigenic response suggested the existence in the skin of a mech- 

anism capable of inactivating the capsular $olysaccharide antigen of peu- 

mococci. 

In fact it has been possible to isolate from different tissues 

and from leucocytes an agent endowed witn the foiiowing activities; 6) it 

decomposes yeast nucleic acid without, noaever, rele&sing free phosphoric 

:  :  

I  
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acid in solution, b) it attacks heat killed bacteria (pneu;lococci, strep- 

tococci, staphylococci) and yeasts, destroying their affinity for the basic 

dyes but without causing a disintegration of the cellular structure, c) it 

renders ineffective in rabbits the type specific antigen of gneumococci. 

The agent responsible for these different types of action appears 

to be a protein with enzyme-like properties wllich is rapidly inactivated by 

pepsin, and more slowly by trypsin. It is very resistant to heat, especially 

at acid reactions. The resistance to heating is exgltined by the fact that 

the agent is denatured at temFrutures above 80°C, but thtt the denatur&tion 

is rapidly reversed on cooling. 

It apFars therefore that tnere exist in tissues, agents of an 

enzyme-like nature which are heat resistant, and cqable of attacking and 

modifying the antigenicity of injected m&terids. 

(c) The Groduction of s,xacific enzymes by bacteria as a tool in 

biochemical analysis. (Dubos) In grevious years a technique has been des- 

cribed for the production of a bacterial enzyme caFble of decomposing the 

capsular polysaccharide of Type III pneumococcus. This enzyme exhibits a 

remarkable specificiw since it does not ciecomwse any other $olysacche.ride 

tested, not even the capsular polysaccharide of Type VIII pneumococcus which 

is very closely related to Type III polysaccharide both chemically and sero- 

logically. The production oft& enzyme also'exhibits an interesting char- 

acter of specifici*. Whereas the microorganism which produces it can grow 

readily end abundantly on QU sorts of laboratory media, it fail&to produce 

the specific enzyme except when compelled to utilize the Tyge III polysucch- 

aride in the course of its growth. 

These observations suggested the possibility of developing a 

m&hod for the production of enzymes s$ecificaily directed against definite 

I’ 
! ; 
, 

I 
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There are no aati.~f&ctory chemic ir; i~letnods for tne aeterminbtion 

of cructinine in tissue tnci body fluids. It WC3 U2rafure of interest to 

cJbti.in an enzyme ct;+b~ti oi' aeco,ilijosing this wktace. Tu tnis ena, four 

biictcrii..l s&cil;s c~,x.Le of z..tt;-ckiilg crf;;.tidnc; sjc;r‘i; obtiinca In +re CL~L- 

tLii-e: . Ciutures of one of tilea specits ILLS yitLac;a :n en~ix! prti+rition 

C:,X bit; of docoqosing crtitctinint. intu u.w~. cna pub& br;r strcosine. TU? 

iction of t;lis enqmme is spxific. Of LAA tne otrler tubstrcltos testou, only 

crwtine, ggcocycmiuine &nd S-met&l glycocyLwidine, subvttnces clesery re- 

lated to crehtinine, tre also tittuicod. 

The btcteri&l culture grows reaaily on &&one soiutions but in- 

terestingly enougn it poducos the specific enzyme oniy wnen corngelled to 

utilize creotinine in sjnthetic medit;. Tne sittition is therefore corn&r- 

able to that described for the production of tne enzyuie ahich decom+ses the 

ca,x%.Lar polysacchrridc of TJ,pe III 

It agp&rs therefore thut 

of reagents specific for sirbsticos 

a metnod is CvCiALblo for the Groductiun 

of bib1tigicx.l intertiLt. In cl,llr-.bare,- 

tion with Dr. tiiA.er, the new enzyme ~rep.x:titin is being em&oyed for &ys- 

ic&gical stuaias on tne pesence of crei:tininc in tissues xnd b+ fruids, 

ana for tr 2ieeLisuro of renaA function. 

The tr&nsfor;ilLti.an rjf s,Jecific ty*s of melluiicxcus. (&icLeod) 

In the reuctiun system used in tne trt;nsfcr&tion of flaumuc~cci~ types 

in vitro, three comgclnents are required in aadititin td tne brtrth used LCS 

culture medium; 1) living R gneunwcocci, 2) the spxific transfbrming ex- 

tract prepred fram SmoGth ~~WOCOCCS~ ceils - the btcterial f&ctor, ana 

3) serum known to contx&n c;n tccessory factor, serum fkctur. 

Further observtitions nave been rude on some of tne po$erties uf 

the specific or bacterial fsctir. It nc.s been found to be extremely tibile 

;, 
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if ex+sed t L uLtr&-vitiiet rigut, but resists oxidation ts by tne sctiun !,f 

iudine ur ex+sure tc, c;tmtis+leric air in ti S~IL~LJW Acsyer E.t 37d. The s+c- 

ific &gent is mcJre sable to hel;t ut ticid rec.ctLn in L suLutiUn ccnttining 

50 per cent athyl &.l.c~h~l tnan if heated in Lquddus s,iutLn unaer the S&LX 

ctinditiuns. Enzyme gre:plroticlns knuwn t; be llign in iJndspititcse Gctivity, 

such t;s bune ghusgbtase greprati4ns, very quickly inLctivL:te the secific 

b&cterial factor, but it is ncrt held frum the evidence thut tne specific 

agent is necessarily af the nature af G &~s~hzic ester, inrsmuch as such 

enzyme preparhtitins probrrbly csntain uther enzymes then tnc greduminhnt 

Qhos$hatase. Further precipitatic;n of kcterial extrects hr;s been ccc~m- 

&.ished by deprutei.nizutLn by the use jf chloroform tnd ~114~1 alcohol after 

tne meth.A of SevLg, ftilldw& by reeated frrctL4nati..a in a~ctii1~A. 

ever, nu selective me&n8 aJf isoiEting tne specific frficti.an 11L;s yet 

discdvered. 

H,a- 

been 

Tne third c.,tip,nent of t,ne re&cti.;n system uSed in tne trtinsfztm- 

tLn bf fleurnucucccll types, ntLinely tne ~ccess2y fhct3 tiresent in serum, 

h&s been mdre extensivsq stuakd. It i&s betin s~~dwn SrevLusly trust rabbit 

serum, ns& swine serum, and numan cLscitic <lr pleural fluid cuntein the 

nticeasary 8erum factor. However no serum ur fluia nets yet been ftiund to 

functitin in the transforming system that has sot c.&ained rcggAutinina fr.r 

R pneumococci. This fact suggests that the R antibodies are in some wtiy 

related to, ff not responsible fcrr the acceseory actic;n of serum in the 

transforming process. When serum is fractiomted the acceasciry factor and' 

also the antibodies we contained in the globulin frsction. That ccjmple:nent 

is nut concenned in the re&cticm is shown Q the fact tkt netting at 60% 

for 30 minutes, which coti@eteljr inactivates tie c&&ement, dues nut im&ir 

the ca+city tif serum to functiun hs accesszy substince. Under tnese CJn- 

ditiOns tne R Entibjdies remin unrffected. Tilese substirnces bnd CAS.~ tat 
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uccesso~y factor are destroded wnen serllin is neated at 7ti°C, a te,agerature 

at wnich tae seruln poteins are denatured. Altnough trie presence of I? nnti- 

bouies and the uccessory factor of serum are intimately tissociatea, it does 

not necessarily follow tnat tney are identical. Wile it is true tnat no 

serum has functioned as accessory substance whicn has not contained demon- 

strable R antibodies, the converse of this does not nold true, mmely, that 

all sera containing these antibodies necessarily act in the transforning 

system. It has been of common occurrence, when Different sera of equal antl- 

R titers are tested,to find that one may function and another completely 

fail to act as accessory factor in the reaction of transformation. 

The evidence so far obtained therefore, indicates that the serum 

factor necessary in tne transformation reaction is contained in the globuLin 

fracti.n, is not identical with compenent, and that it is relativeiy stable, 

resisting heating at 600 for 30 lainutes. 

All sera, moreover, are not effective in tnls reaction. It ilas 

been found that while sew of patients active4 ill zitn ;ntumonit or other 

acute infections, may function as tne serum factor in tne trtinsforlilation, 

serk from normal persons and ,xrsons during convalescence from ,meu.monin 

fail to act, It has furtner been found that nornwl ad convtluscent ser& 

not only W.1 to act, b&,qhen these &a are acic@d to the bt;cterial trcns- 

forming agent, they so modify the lttter that qo tk&sfor‘~tion occurs even 

when serum known to contain the accessory factor is added. 

When normal or convr,lescent serum is heated to 600C t.t an alkaline 

reaction, which temperuture does not destroy tne serum futor, the heated 

serum is as effective in proaot$ng the transformtion resction ES is serum 

from acutely ill ptients. It is evident, therefore, tnat there is sortiething 

in normal serum which destroys. or pevents tne action of tno bacterial fat; 

tar and that this agent in norm&l serum :&y be destroyed bar noating at 60' 



at an alkaline reaction. It seems riot improbable that this substance is of 

the nature of an enzyme. 

This enzymatic substance, however, u~y be isolated from ail human 

serum, whether normal or serum obtained during the aicute Ghase of pneumonia. 

Isolation is accom&ished by oicohol fr&ction&tion of the serum. The iso- 

lated enzymatic fraction of acute dhase serum inactivates tile transforming 

$rinci+e arthough the wnole serum from whicn tile fraction v&s derived does 

not do so. Ail numan sera therefore, not onq contGin tne accessory factor 

nr;cessary for transformation, but they are Lli potentially c;bLe to destroy 

the secific bacterial factnr. 

The reason that acute &&se serum is active in the trtnsforming 

process wnile convalescent or normal serum is not, is therefore probably to 

be explained by the gresenca in acute &ase serum of an antiferment mrnich 

is absent from normal serum. 

Studies on the antigenic mosaic of meuaococcus. (Avery, Geobel, 

and dlacheod). In tne course of experiments on the nature of the capsular 

Cntigen of Type I pnet4nococcus, a hitherto unrecognized fraction of the cell 

has been isolated. This material, designated the llZ substance" is tentative- 

ly regarded as a protein which in marly of its chemicai pro?rties resembles 

the alcollol soluble globuiins, the so-called Grotarnines, of plant tissue. 

The 2 substance in the present state of wity contains adprox- 
, r e 

imately 15 $er cent nitrogen, 2 pr cent suLfur, but no ~hos$norus. In 

aqueous solution tnis substance gives the usuai protein color reactions, 

and is greci&tated from solution by trichloracetic ~&id, dicric, gosgho- 

stun&A& end stufo~alicy~ic acids.' In the fora of the nydrockoride it is 

soluble in 80-30 per cent alcohol and as tne @crate it is soluble in 73 per 

cent acetone. The solubility of Z in acidulated alcohol and its property of 

forming acetone-soluble picrates have been utilized in devising methods for 
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extrccting the nateritil from the bticterihi. cells. TIE substance IXS L snEq 

isoelectric point, PrecipitLting com+t;tely from sdAutions adjusted to $i 

4.7. 

Tnc 2 substance derived fron 'I'y+ I dnetiaococci is cJlti&enic in 

rabbits &nd gives rise to tne formtion of ty$,e specific Lntibociies. Thle 

serum of immunized rabbits qg1utinkte.s Type I cells ;nd confers specific 

protection on mice against infection witn viruient orgunisms of the notilolo- 

gous type. Interestingly enough, however, tllis i,mmune serum does not react 

in grecipitin and com@ement fixr.tion reactions with Type I ca#ular rjoly- 

sacchtiride. 

Further work is in rrogness on the chelnistry nnd immunology of 

this Frticu.l.&r fraction which c4$pears to be concerned in tho type specific 

mechanism of the cell. 

Comparative viruLence of ;meumococci im>i&ntoa on the res&rrtory 

mucous mesbrknes of mice by tne innclation inotnod. (StilUan). In order 

to determine r&&t import&nce the viruifSce of tile infecting orgltnism +ayS 

in tne severity of tne LctuU aise23e, tati relative inv&siveness of different 

strains of freshly isoltited dneumococci r~s been tested in mice by tne in- 

nalation method. As soon ks @ssible L;fter isoA&tion of G ctiture from u 

,+tient with lobar pneumonia, tne virulence of tne strain nts been tested 

spraying 10 mice with the org~isms. At tne same time virulencs has been 

determined by injecting mice int~a~ritoneally witn amounts representing 

by 

10-5 and 1O-6 cc. of the origins1 cuiture. In tne case of the mice exposed 

in a closed chwnber to U-I atmosphere lczden with Types I or II +eumococci, 

no infection resulted unless the animals were intoxicated with alcohol just 

prior to exposure. It hus been found t&t freshly isolated Ty$e I pneumo- 

cocci have little invasive virulence for mice LS tested by implsntction on 

the mucous membranes by in&l&ion. Indeed, even wnen injected intrrqerit- 



Onea* in the dilutions used only an occasiorlhl strain graved fatai. 

Type II OrgcLnisms, on tne cuntrnry, were quite invasive men tested by in- 

uamtion tnd regu&.rly KiAAed site wmn inject& intri;,&ritonetlAq-. Trle 

Tyde III arm VIII strains silovred @e;t vhri,Ltiuna. &trmtig:rl tney t4ere ui- 

for+ virulent riile:n tested intr&$ritorlearly, urq t. fei; atrhins bgerc f6c;nd 

to invade by wty of tnt! ,mcuus mtnbrmes, tnt: iiLjurit;y of cUtur6-s fLLing 

entireiy to incite infection when introducea b> tiG.s route. 

The clinic&l course of the s+ntanzous dieease in +tients is be- 

ing correlated with the virulence of tne infecting gneulnoc6cci as tested in 

mice by tne inht;lRtion method. 

Sb>ecificity of conjugated c&rb6:lydrate-,xotein antigens cont&Gng 

@,uxronic qd g&lacturonic acids.- (Goebel and d6tchkiss). Tim uranic acid 

constituent of tho encapstiting polys~ccasrides of virulent pneu~~lococci 

appears to be uf ogecirl significtnce in aottmtining serologicar ~ro~ertiss. 

In certLin of tneve t;-$e specific subsLnc6s, g:lucurmic mid is fxnd cs 

an integral +rt, uf the mlecule tini~6 in titners g&&cturtinic aid form E. 

part 6f the enca,xm~nting .&teriLA. It t:~h LIT irlt6rest tnmtifure ta cm- 

+re tne irkm.m611,gic~r Pr~Lh;rtiI:s Lf ;rtificikAy cm+undea kntigcns cm- 

tiining gAucur&.c Ed gh.kcta-wit i.cids, since tnc; s';ero~clkr;lick~ cunfig- _ 

uratiun tif tnusc tm substmces is mum. h tilliS rrlLnIlt~r it ShA.lAd be tnjS- 

sible t6 estcrblish directly tne re~ationguip betneell tne cne&c(rA cclnstitu- 

tion of these biologically &xxtc;nt Lcias md tat! specificity of the mti- 

bodies t,i, which they give rise. 

\&en rabbits are immunized with neo-grtitein antigens cuntcining 

glucuronic and gulxturonic acids, tne atibodies elicited are specific &nd 

show no serological crossing. Since tne configuxtim uf the urunic mid 

rudical of each antigen differs unly by ;~n intercmngr;- uf the H and OH 

groups on the fmrth cmbm i!t;:m, the shar& defined differences in imuL- 

&ogical properties mst, be clirectly cLttribut&bie t:, this fund~:nentA differ- 

ence in cheaic:Cl c;nfigur~tL;n, 



Fro,n a com+rison of tne irtinunologicnl ,Jro,JertieS 

taining tne benzyl glgicosideu of gAucose tmd gai&ctose witn 

t&ining the hexose uranic acids, it nas now been found Uat 
. 

of antigens con- 

antigens con- 

each gives rise 

to antibodies which are specific and which show no serolo&ical crossing. 

Differences in the immunological ;rroperties of these sugar and sugar acid 

antigens is consequently attributed to differences in polarity of the groud- 

ing occu,@ng the sixth @sition in each carbohydrate radical as sell as 

differences in configuration within the sugar molecule. In the glucoside and 

galactoside molecules this grouping is ci. primary hlc0n0l (CH20~), wnereas 

the po1L.r carboxyl group (COOH) occupies tnis position in the gLucuronide 

and galacturonide. Thus EL new tend im$ort&nt fuctor must be t&ken into con- 

sideration in understanding the specificity of sin&e Esrboi@rc:tes and 

their uranic acid derivtitives, namely the gortcrity of grouds in the rlluecue. 

The artificiai azo-Grotein antigens contciining gLucuronic and &I- 

hcturonic acids bear EL striking i3muno~ogicii relttionsaii, to the specific 

$neumococcus $olysaccn&rides, for the entigsns, in dilutions GS ,lign as one 

part in a million, precipitate in Lnti+euiaococcus ser&. 

gens, containing glucose and galsctose, on the other mnci 

hctivity in these same antisera. 

The tiexose enti- 

show no seroiogicil.. 

It has been fmund by Dr. Hot&kiss that synthetic high molecuLar 

polymers bearing carbowl and hydroxyl groutis as substituents u@on u iong 

chain of carbon atoms peciyitate s@cifically in anti$neumococcus horse 

serum Type III. The reaction stili occurs at a dilution 1:3UO,OOO of the 

polprer, but there is no precipitxtion even in much nigher concentrations in 

antipneunococcus serum Type XII previously absorbed with hornoAogous $oiy- 

saccharide or in unabsorbed Types I tind II immune ser&. Tne rebctive syn- 

thetic substances were ,rre+red by tne ,>oiy!tieriz&tion of acrylic acid with 



vinyl Ucetate, followed by saponification of the acetyi grou;rings. These 

hhptens, in contrast to the azo-protxins, are entirely synthetic and their 

chemic&l constitution is quite well understood. 

The precipitation of uranic z.cid azo-protein antigens ind of syn- 

thetic acidic polymers in antidneumococcus sera is believed to be c&used by 

2 neutralization of the charge of the basic groups of tne antibody molecule 

by the acidic group of the antigen. Tnis hygotmsis is in Frt substantia- 

ted by thr: fact that when the ai&lo groups of gn~~~ococc~s tntibociy. cre LLC~~ 

iated, the resulting tlcetymted protein firils to pacipitate iny of tne Lcid- 

ic tintigens. This Inecnznism is in +rt believea to be tne rer;ction unaer- 

lying tne coulbination of antibody with no~no~ogous ty,Je specific gneuruococcus 

polysuxntlrides. The sgecificity of tais ,.Jhenosenon J-ILJ possib&y be gov- 

erned by the arrangement in space of tne do&r #outis of tne m&en molecuie, 

wnich in turn conaition the spetial pattern of tne reactive groups of tne 

antibody molecule. 
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